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THE PRODUCTION AND USE OF BROWN COAL IN TIE 
VICINITY OF COLOGNE, GERMANY. 


By Cuarztes A. Davis. 


INTRODUCTION. 


In Germany, since the beginning of the great industrial develop- 
ment of the last half century, careful and thorough investigation of 
the possibilities of all kinds of raw materials by men of high scientific 
and technical training has led to a constantly increasing use of 
brown coal, lignite, and peat, as well as of the poorer grades of bitu- 
minous coal, In this discussion the term brown coal is applied to 
poorly solidified and incompletely carbonized fuel, intermediate in 
appearance and character between peat and the lignites of the 
United States. 

It has been recently estimated by the United States Geological 
Survey that there is 1,087,514,400,000 short tons of lignite in the 
United States, chiefly in States possessing no other fuel resources, 
These deposits are widely distributed and at present little used; 
hence it is considered desirable to disseminate such information as is 
obtainable from Europe, where the commercial use of the poorer 
grades of fuel has reached a much higher stage of efficiency than 
has been considered either necessary or practicable in the United 
States. Such fuels as lignite and peat are employed much more 
there than here to generate power and for domestic fuel. 

This condition is due to several causes, among which may be 
mentioned the limited occurrence and greater cost of production of 
high-grade coals throughout the continent of Europe as compared 
with our own abundance and low prices. The cost of transportation 
doubtless has been an important factor in increasing the use of low- 
grade fucls in such European localities as are at a distance from 
centers of coal production’ but where such fuels as brown coal, 
lignite, and peat are abundant. 

Aside from the influence of these fundamental economic factors, 
however, there seems to have been a much more careful utilization 
of all natural fuel resources in every European country, even in 
England where good coal is abundant and cheap, than has been 


attempted in the United States. This fact apparently originates in 
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a natural thrift and the habitual practice of close economies in all 
business details. 

As the result of the researches and practices mentioned, it is 
scarcely possible that one could find in Germany or any other European 
country a single case where good although unfamiliar fuel would be 
mined and wasted to the extent of hundreds of tons annually while coal 
was purchased to do the work, simply because coal had always been 
used. Several cases, differing but slightly in detail, where this has 
been done in the United States have come to the writer’s notice. 
In one remarkable instance lignite having good fuel value occurred 
in a bed 15 feet thick overlying clay strata used in pottery making. 
About 100 tons of lignite was removed daily to uncover the clay and 
was thrown on a dump with other refuse, although coal in considerable 
quantities was brought from a distance and consumed to do the work, 
In certain brickyards in New England a fair quality of peat is dug 
and piled about the clay pits, and the clay is burned into bricks 
with wood or coal. 

In Europe, on the other hand, for many years, the peat removed 
from above brick clays has been systematically cut and dried, and 
used in burning the clay into brick and tile. There, also, the use of 
briquetting machinery for reducing brown coal or lignite, as well as 
the finer refuse from mining bituminous coal, to a usable, compact, 
easily handled, and readily transported form long since reached a 
profitable commercial stage and is the basis of an extensive industry. 

The generation of producer gas for developing heat and power 
from peat, lignite,* and coal-mine refuse that is high in ash has been 
worked out so thoroughly that gas-producer plants using bituminous 
low-grade fuels of all kinds no longer attract attention. The use of 
low-grade fuel in steam-boiler furnaces has also reached a stage of 
development very surprising to those who are familiar only with the 
usual steam-boiler construction and practice in the United States, 
where only the highest grades of coal are used in firing boiler furnaces. 

The facts herein presented are so impressive and at the same time 
are so suggestive of possibilities for the development of the fuel 
resources of such extensive areas of the United States where workable 
beds of lignite are known, and where coal is very costly, that the 
details of the methods employed in the district under consideration 
in mining and converting the raw material into fuel that can be 
easily transported are recorded in this paper. 

Especial attention is invited to the fact that the common fuel for 
generating steam and electric power used in mining and briquetting 
the brown coal is the raw, entirely untreated, moist product of the 
mines. This is in such form and condition when fired that it would 


¢ Fernald, R. H1., Features of producer-gas power-plant development in Europe: Bull. 4, Bureau of 
Mines, 1910, 27 pp. : 
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be considered worthless in the United States. From its high water 
content it must be much inferior to most of the lignites of our country 
in fuel value, yet in properly designed furnaces it gives excellent 
results. 

The following brief account of the methods used in producing, 
firing, and improving one type of low-grade fuel in one of several 
similar districts in Germany, where great industries are based on a 
type of material that in the United States would not be used for any 
purpose, may be of interest in many parts of this country where 
such fuels occur. It should prove of value especially to those who 
live in parts of the country where no deposits of true coal are found 
but where extensive and slightly used beds of lignite are known to 
exist, as in the Dakotas, Texas, California, etc. That such fuel 
deposits are the potential sources of power and heat for the inhabitants 
of the regions where they are known to exist can not be doubted 
when the results attained in the locality here described with what 
is, in some respects at least, a less promising material are given due 
consideration. 


THE BRIQUETTING OF BROWN COAL NEAR COLOGNE. 


There is a district not far from Horrem, a small town west of Co- 
logne, Germany, where brown coal is mined and marketed in large 
quantities. 

The product of the mines is sold chiefly in the form of briquets, but 
there is also considerable sale for local use of the raw brown coal as it 
comes from the mines. 

The mines visited were on the high terraces of a broad, shallow 
valley. During the erosion of this valley, subsequent to the deposi- 
tion of the coal beds, much of the coal had been removed, so that now 
only the higher lands outside of the valley yield coal. 


DEVELOPMENT OF THE INDUSTRY. 


The briquet industry based on the brown coal deposits has all been 
developed within the past 20 years. It was stated that there were 
in the entire region 15 years ago only five factories producing 
briquets. There are now 26 such briquet factories in operation in the 
vicinity of Horrem, the largest of which has 28 briquet presses and 
turns out about 1,600 metric tons (1,760 short tons) of briquets in 24 
hours. About 20,000 metric tons (22,000 short tons) of brown coal 
is briquetted and shipped daily from this district during the season 
of active production. 

The 26 briquetting plants have combined into a union or syndicate, 
with its chief selling agency in Cologne, the center of distribution for a 
population of more than 10,000,000 people. The capital of this syn- 
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dicate is about 120,000,000 marks ($30,000,000) and the total output 
of the union is about 4,000,000 metric tons (4,400,000 short tons) or 
400,000 carloads annually. This is more than one-quarter of the 
entire output of brown coal briquets for all Germany during 1911, 
the last year for which statistics of production are available. 

The industry seemed decidedly prosperous. The demand for the 
briquets was reported as steadily increasing and the returns on the 
actual investment in mines and factories was said to be very satis- 
factory. In the entire history of the region there have been no fail- 
ures among the companies making brown coal briquets. 


THE MARKET FOR THE BRIQUETS. 


The market for the briquets manufactured in this district extends 
over a wide area, large shipments being made annually to Holland. 
In the Netherlands the fuel is well liked and readily competes with 
English coal in spite of the high freight rate on the rail shipments of 
briquets, 10 marks ($2.50) per ton, as compared with the low water- 
freight rates obtainable by the shippers of the English coal. The 
greater cleanliness of the briquetted fuel, its freedom from smoke, 
smut, and dust, doubtless commend it to the users of domestic fuel 
in the countries where it is sold. Carloads of briquets, similar to 
those made in this district, were frequently seen along the railroads 
in various parts of Germany. Since the district described is but one 
of several where brown coal briquets are produced, it is evident that 
this fuel meets a popular need. 

The selling price of the briquets is about 8 marks ($2) per ton 
f.o. b. at the factory; the retail price in the near-by city of Cologne 
was reported to be equivalent to about 12 cents per hundred pounds. 


CHARACTERISTICS OF BROWN COAL. 


The brown coal mined in the district described, as has been already 
noted, is not identical with the lignites of America, but differs from 
them in having a considerably higher moisture content (about 60 
per cent instead of 25 to 50 per cent) and especially in being soft and 
unconsolidated, or slightly consolidated, in the beds. As it comes 
from the mines this type of brown coal looks much like rather woody, 
half-dry peat, or muck, from a swamp forest. 

The included wood, locally called lignite, is easily cut with a 
knife before it is dried, and appears to casual inspection, even when 
dry, no more changed or carbonized than the wood found in many 
peat beds. When dry, it is still soft enough to whittle easily, the 
chips being scarcely more brittle than those from kiln-dried wood of 
similar types. 
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THICKNESS OF THE BROWN COAL BEDS. 


Tho brown coal is dug from beds ranging in thickness from 10 to 
100 meters (32 to 328 feet), the average thickness being about 22 
meters (72 feet). These beds are overlaid by relatively thin deposits 
of gravel and clay. The thickness of this overburden is variable, 
but in every case, so far as observed, it is removed before the brown 
coal is exploited, although in former times the brown coal was mined 
through shafts. After the coal beds are stripped they are excavated 
from the surface downward, thus permitting the working of the 
deposits by the open-cut method. All excavation work is done 
under the supervision of Government mine inspectors, in order to 
prevent accidents to the men employed as far as possible. The 
moist brown coal as it lies in the beds is nearly black, more or less 
woody, unconsolidated, or but slightly consolidated in the lower beds, 
and contains a large percentage of fine material, which is friable even 
when wet. The brown coal as mined has an average moisture con- 
tent of about 60 per cent. The dry material is light to fairly dark 
brown in color, and is easily powdered to fine dust. 


METHOD OF MINING AND TRANSPORTATION. 
STRIPPING. 


The gravel and clay are removed from above the coal beds by 
steam shovels of the American type, loaded directly on to cars and 
removed from the excavations to banking grounds, where enormous 
heaps of these materials have accumulated. Some of the clay, 
however, is used in making brick and tile. The clay-working plants 
use the local brown coal for fuel, and are usually subsidiary to the 
coal mines. 


REMOVING THE COAL BY THE OPEN-CUT METHOD. 


When a sufficient area of the brown coal has been stripped of 
overburden, movable rails are laid and powerful excavating machines 
of the chain-and-bucket type are operated from them. The machine 
removes a slice of material to a depth of about 13 to 15 meters 
(43 to 49 feet). The face of the cut is worked at an angle of 45° to 
50°. An arm or ladder supporting an endless chain of sharp-edged 
buckets extends down from the terrace top and allows the chain of 
buckets to cut the exposed sloping edges of the beds from bottom to 
top. The buckets discharge the material into hoppers from which 
it is loaded into small cars holding about a cubic meter (1.3 cubic 
yards); the carload weighs about 600 kilograms (1,320 pounds). 
Each digging machine requires three or four men to properly operate 
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it, and can remove and load about 1,500 metric tons of raw mate- 
rial in 24 hours. 

The empty cars are run directly under the elevated excavator 
hopper, into which the buckets of the excavator turn their loads. 
The cars can thus be loaded as required. The loaded cars are drawn 
by locomotives to a station where they are picked up by an endless 
chain which draws them up an inclined railway to the top floor of the 
factory. As the cuts become deeper, the endless-chain system is 
sometimes extended to the terraces of the excavation. The cars are 
then drawn directly from the pits to the briquetting factory by the 
endless chain, and the locomotives are eliminated. 


DRAINING THE MINE, 


The mines are kept dry enough to work by means of pumps placed 
at the bottom of the excavation. The mine water is conducted to 
these pumps through open ditches of the usual types. The mine 
pumps are operated either by independent steam engines or by 
electric motors, the current being generated at the main boiler plant 
of the briquet factory. At the mine most carefully studied the 
average amount of water pumped was about 1.5 cubic meters (400 
gallons) per minute. 


METHODS EMPLOYED IN A MODERN BRIQUET FACTORY. 


Of the 26 briquet factories mentioned above as operating in this 
district only a single one was carefully inspected by the writer—that 
of Die Gewerkschaft Kohlenquelle at Zisselsmarr. This factory was 
recently completed and is probably the best-equipped plant now in 
operation in Germany for briquetting this class of brown coal. 

The factory is a large brick building, of substantial construction, 
located as close as is practicable and safe to the edge of the pit from 
which the brown coal is taken. 


HANDLING THE CARS IN THE PLANT. 


The cars, loaded as already described with the wet, raw, and rather 
woody brown coal, are drawn from the bottom of the pit up a long 
incline to the top floor of the briquetting plant by a heavy endless 
chain, which automatically released the car when the top of the 
incline was reached. Fach car holds about 600 kilograms (1,320 
pounds) of the freshly mined brown coal. The factory uses daily 
about 800 carloads of raw material, containing 60 to 61 per cent of 
water. The cars, on entering the plant, after they are released from 
the chain, are switched onto one of two tracks. Two out of every 
three cars are turned to the crushing and screening division. Every 
third car is switched directly to the hoppers from which the boiler 
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furnaces are fed. The fresh wet material, without any preparation, 
is the only fuel used to run the entire plant. The cars sent to the 
crushing machines are automatically dumped into the hoppers of 
these machines by a rotating turntable. The loaded car is fastened 
on the turntable to one side of its horizontal axis of rotation, a catch 
is released, and the car is turned bottom up, bringing upright the car 
preceding it. 


CRUSHING AND SCREENING THE COAL, 


The material passes from the hopper through a pair of smooth 
crushing rolls onto a set of inclined vibrating sieves. The finer 
material, which passes through the sieves, falls directly on conveyor 
belts which continually remove it to the storage pockets of the driers. 
The coarser material passes to a second set of rolls and sieves. The 
coarse product from these rolls passes to a third set. The woody 
parts and hard lumps which pass over all of the sieves fall on a con- 
veyor belt and are carried to the boiler furnaces. The crushing and 
screening machinery is only operated 10 to 12 hours daily, the 
amount of material prepared during this time being sufficient to 
supply the entire plant for 24 hours. The capacity of the screening 
system is about 60 tons of wet material per hour. The rolls and 
screens require little attention, one man attending two sets of sieves. 

From the screens, belt conveyors remove the fine moist brown coal 
to hopper-shaped storage bins or pockets near the driers. It is fed 
from the belt to the bin where it is needed by the simple device of 
putting a movable dam across the belt at that point. A day’s 
supply of screened moist material is kept in the storage pockets to 
provide against temporary suspensions of mining operations. 


METHOD OF DRYING THE COAL. 
SCHULZ TUBULAR DRIER, 


Schulz tubular driers® are used. Each drier consists of large 
cylinders of boiler iron 7 meters (23 feet) in length and 3 meters 
(10 feet) in diameter mounted on trunnions, with the main axis 
inclined about 7° from the horizontal. Inside of the outer drum or 
shell of the drier is a second drum fitted with tubes about 4 inches in 
diameter, much as in a steam boiler. As constructed at this plant 
there are 366 of these tubes in each drier. The exhaust steam from 
the engines is admitted to the space around the tubes under a pres- 
sure of 3 atmospheres (45 pounds) through valves in the trunnions 
that support the drier and on which it rotates. The moist material 
is fed constantly from the storage pockets into the tubes by means 
of spiral conveyors. The rate at which the powdered material 


«For a fuller description of this drier see Bull. 14, Bureau of Mines, pp. 13-14. 
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passes through the drier is regulated according to its moisture con- 
tent. With the moisture content at 60 per cent, the time required 
for passage through the drier is about three-quarters of an hour; 
during this time the moisture content is reduced from 60 to 15 per 
cent. 

METHOD OF COLLECTING THE DUST. 


The drying plant consists of four driers. Each drier has a capacity 
of 70 metric tons (77 short tons) of dry material, 15 per cent moisture, 
in 24 hours; a fifth drier was being installed at the time the piant 
was visited. The steam from the driers is forced through a cyclone 
chamber by means of fans before being turned into the atmosphere 
through the escape flues. By this simple plan the dust, amounting 
to 3 per cent of the total material dried, is collected from the escaping 
steam and is added to the material to be briquetted. The air in 
all parts of the factory building itself is practically free from floating 
dust, because the dried powdered brown coal is handled entirely in 
closed conveyors and is not at any point permitted to escape into the 
factory. In this way all danger of dust explosions, which in early 
types of such plants were not infrequent, has been eliminated. The 
cost of the whole process of drying was about 70 pfennig, or 17.5 
cents, per ton of product. 


THE COOLING ROOM, 


Below the driers is a collecting device, which not only collects the 
dry material but also pulverizes it to a more uniform swe. The 
* powder is then conveyed to the top of a special cooling room, in which 
it is passed by gravity over a series of sloping cooling floors, or broad 
shelves, to reduce the temperature. When it reaches the bottom of 
the cooling chamber it is sufficiently cooled to be briquetted, and is 
sent directly to the briquetting presses. 


BRIQUETTING THE COAL, 
THE BRIQUET PRESS. 


The briquetting part of the plant consists of 5 compound, three- 
cylinder, horizontal engines directly connected with open-mold 
phinger presses. The piston rod of the engine cylinder in effect forms 
the plunger of the press, and thus does away with losses of power, 
speed, or motion which resulted from the use of flywheels, cranks, and 
belts in older forms of presses and engines. The cross section of the 
plunger and mold of this type of press is lozenge shaped, and in the 
single presses is about 18 centimeters long and 5.5 centimeters wide 

7 by 24 inches), rounded at the ends to a breadth of 3 centimeters 
(1% inches). The long axis of the mold is horizontal in the press, and 
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in the double presses the molds are placed side by side, so that the 
two briquets formed at each stroke of the plungers issue from the 
press end to end. The dry powdered brown coal (containing about 
15 per cent moisture) is fed positively into the mold from hoppers 
and is subjected to a pressure of from 1,200 to 1,500 atmospheres 
(about 18,000 éo 22,500 pounds) per square inch; that is, a pressure 
equivalent of 300,000 to 400,000 pounds is exerted on each briquet. 

The press forms, or plates, that form the molds of the briquet presses 
are made of hardened steel, and are changed when they become so 
worn that the plunger no longer fits the mold well enough to make 
good briquets. The chief cause of the wear is sand or other mineral 
matter contained in the powdered raw material. The time that these 
plates last varies from three days to about four weeks, according to the 
amount of mineral matter present. 

The briquets weigh about one-half a kilogram (1 pound) each. 
No pitch or binding material of any sort is used in manufacturing these 
briquets except such tarry matter as is liberated from the brown coal 
by the heat developed by the high pressure used in compacting the 
material. The briquet presses are jacketed and water-cooled, in order 
to absorb and carry off some of the heat liberated by the pressure and 
friction developed in the mold. Each single press has a capacity of 
about 70 metric tons (77 short tons) of briquets in 24 hours and 
requires 120 horsepower. A double press—one was operated in this 
factory—requires 200 horsepower. 


METHOD OF CONVEYING THE BRIQUETS TO THE STORAGE ROOM. 


The briquets as they are pressed are forced from the mold into a 
very long metal conveyor into which they tightly fit, and which is prac- 
tically a continuation of the mold. Such a trough-shaped conveyor 
extends from each press through the storage building and back to the 
press, and serves not only as a conveyor for removing the briquets 
from the press to the storage sheds or loading place but also as a fire- 
proof rack for air-cooling the briquets, so that they will not become 
ignited by being piled before they are properly cooled. If it is found 
that the briquets reach the storage sheds too hot to stack with safety, 
the man in charge of the briquetting room is notified, and the number 
of strokes of the press is decreased or the cooling water is allowed to 
run more rapidly to keep the temperature down. A briquet press 
when running at full speed makes about 200 strokes to the minute, 
The cooling conveyors are about 100 meters (325 feet) long. 


THE BOILER ROOM. 


One of the most interesting parts of this plant, and the most sug- 
gestive to those seeking cheap steam power in the parts of the United 
States where lignite and peat are abundant, is the boiler room. A 
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battery of eight boilers is fired entirely by brown coal in exactly the 
same condition in which it comes from the mine; that is, containing 
about 60 per cent moisture. The boilers together furnish 750 horse- 
power and supply steam to the engines at a pressure of 12 atmos- 
pheres (180 pounds). In addition to the boilers there is a super- 
heater in which the steam for the driers is superheated to 300° C. 

As has been remarked before, one car of brown coal out of each 
three brought into the plant from the mine is sent directly to the feed 
hoppers of the boiler furnaces. From these hoppers the material is 
fed by mechanical stokers to the fires and burned on step grates. 
Each boiler has 120 square meters (about 1,300 square feet) of heat- 
ing surface, 25 square meters (270 square feet) of superheater area, 
and 6 square meters (65 square feet) of grate area. Only three men 
are required to attend to the entire battery of eight boilers; one to 
keep the feed hoppers filled, shift and empty cars, etc., the other 
two to see that the stoker and grates are properly working. 

The boilers are equipped with automatic feed regulators. In addi- 
tion to supplying steam to the drying and briquetting machinery, 
these boilers furnish steam to two horizontal steam engines that 
run electric generators for supplying the current for lighting the 
entire building and the mine pits and for furnishing power for some 
of the mining operations. . 


METHODS USED IN THE OLD PART OF THE FACTORY. 


The old part of this factory is capable of turning out about the 
same tonnage of briquets as the new part, but differs from it greatly 
in equipment. 

The new plant requires fewer men and considerably less power per 
ton of output than does the old and presents a very strong contrast 
to it in the greater simplicity and power of the machinery used and 
in the higher development, greater use, and efficiency of mechanical 
devices for doing the work in all parts of the plant. 

The old plant is equipped with old-type steam engines, belt-driven 
briquctting presses, and Teller plate driers, instead of those of the 
Schulz tubular type. — 


THE PLATE DRIER. 


The plate drier consists of a serics of large, flat, cast-iron boxes or 
hollow plates a few inches thick, placed one over the other on a verti- 
cal shaft. A series of arms or rakes revolve between the boxes. 
The number of plates or boxes varies from 20 to over 30, according 
to the moisture content of the material to be dried. The diameter 
of the plates is about 164 feet. 

Steam is admitted to the interior of the plates and the material to 
be dried is allowed to cover their upper surfaces. It is constantly 
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stirred and pushed forward by the rakes, which revolve in opposite 
directions on each alternate plate, thus moving the material from 
center to circumference on one plate and from circumference to center 
on the one below it. The steam can be turned into any one of the 
drying plates independently of the others. The whole series of dry- 
ing boxes and rakes is inclosed in an iron case fitted with openings 
through which air can be admitted; or the progress of the drying can 
be watched at will by opening the doors covering them. In opera- 
tion, the material to be dried is fed into the top plate of the series 
and is pushed forward and downward until it emerges at the bottom, 
dried to the desired moisture content. 
The efficiency of this type of drier and the cost of operation is 
_ approximately the same as that of the tubular type. However, the 
plate driers were reported not to be as reliable in operation as the 
tubular ones, on account of frequent breakage of parts. 


CENTRAL POWER PLANT AT THE MINES. 


A notable innovation for the district is the recent establishment 
of a central power plant for generating electricity at a mine not far 
from that described. This plant is now furnishing electricity to the 
city of Cologne at 3 pfennig (about three-fourths of a cent) per 
kilowatt hour. This is so much lower than the same unit can be 
generated in the city that the city commission, having charge of the 
electric plant at Cologne, has arranged to close its own plant and buy 
its current from this new station. 


PUBLICATIONS ON FUEL TECHNOLOGY. 


The following Bureau of Mines publications may be obtained free 
by applying to the Director, Bureau of Mines, Washington, D. C.: 

Bu.uetin 1. The volatile matter of coal, by H. C. Porter and F. K. Ovitz. 1910. 
56 pp., 1 pl. 

Bu.etin 2. North Dakota lignite asa fuel for power-plant boilers, by D. T. Randall 
and Henry Kreisinger. 1910. 42 pp.,1pl. 

Bu..etin 3, The coke industry of the United States as related to the foundry, by 
Richard Moldenke. 1910. 32 pp. 

Buutetin 4. Features of producer-gas power-plant development in Europe, by 
R. H. Fernald. 1910. 27 pp., 4 pls. 

Butietin 5. Washing and coking tests of coal at Denver, Colo., July 1, 1908, to 
June 30, 1909, by A. W. Belden, G. R. Delamater, J. W. Groves, and K. M. Way. 
1910. 62 pp. 

BULLETIN 6. Coals available for the manufacture of illuminating gas, by A. H. 
White and Perry Barker, compiled and revised by H. M. Wilson. 1911. 77 pp., 4 pls. 

Butetin 7. Essential factors in the formation of producer gas, by J. K. Clement, 
L. H. Adams, and C. N. Haskins. 1911. 58 pp., 1 pl. 

Bu.wetin 8. The flow of heat through furnace walls, by W. T. Ray and Henry 
Kreisinger. 1911. 32 pp. 

BuLietin 12. Apparatus and methods for the sampling and analysis of furnace 
gases, by J. C. W. Frazerand E.J. Hoffman. 1911. 22 pp. 
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Bu.ieTINn 13. Résumé of producer-gas investigations, October 1, 1904, to June 30, 
1910, by R. H. Fernald and C. D. Smith. 1911. 393 pp., 12 pls. 

BuLieTin 14. Briquetting tests of lignite at Pittsburgh, Pa., 1908-9; with a chapter 
on sulphite-pitch binder, by C. L. Wright. 1911. 64 pp., 11 pls. 

BuLietIn 16. The uses of peat for fuel and other purposes, by C. A. Davis. 1911. 
214 pp., 1 pl. 

BuLieTIN 18. The transmission of heat into steam boilers, by Henry Kreisinger 
and W. T. Ray. 1912. 180 pp. 

BuLieTIn 19. Physical and chemical properties of the petroleums of the San 
Joaquin Valley, Cal., by I. C. Allen and W. A. Jacobs, with a chapter on analyses of 
natural gas from the southern California oil fields, by G. A. Burrell. 1911. 60 pp., 2 pls. 

BULLETIN 21. The significance of drafts in steam-boiler practice, by W.T. Ray and 
Henry Kreisinger. 64 pp. Reprint of United States Geological Survey Bulletin 367. 

BuLLeTIN 23. Steaming tests of coals and related investigations, September 1, 1904, 
to December 31, 1908, by L. P. Breckenridge, Henry Kreisinger, and W. T. Ray. 1912. 
380 pp., 2 pls. 

Bu.etin 24. Binders for coal briquets, by J. E. Mills. 56 pp. Reprint of United 
States Geological Survey Bulletin 343. 

BULLETIN 27, Tests of coal and briquets as fuel for house-heating boilers, by D. T. 
Randall. 44 pp., 3 pls. Reprint of United States Geological Survey Bulletin 366. 

BuLLETIN 28, Experimental work conducted in the chemical laboratory of the 
United States fuel-testing plant at St. Louis, Mo., January 1, 1905, to July 31, 1906, 
by N. W. Lord. 51 pp. Reprint of United States Geological Survey Bulletin 323. 

BuLeTIn 29, The effeet of oxygen in coal, by David White. 80 pp.,3 pls. Reprint 
of United States Geological Survey Bulletin 382. 

BULLETIN 30. Briquetting tests at the United States fuel-testing plant at Norfolk, 
Va., 1907-8, by C. L. Wright. 41 pp., 9 pls. Reprint of United States Geological 
Survey Bulletin 385. 

BuLLeETIN 31. Incidental problems in gas-producer tests, by R. H. Fernald, C. D. 
Smith, J. K. Clement, and H, A. Grine. 29 pp. Reprint of United States Geological 
Survey Bulletin 393. 

Butietin 32. Commercial deductions from comparisons of gasoline and alcohol 
tests on internal-combustion engines, by R. M. Strong. 38 pp. Reprint of United 
States Geological Survey Bulletin 392. 

BuLuetin 33. Comparative tests of run-of-.nine and briquetted coal on the torpedo 
boat Biddle, by W. T. Ray and Henry Kreisinger. 50 pp. Reprint of United States 
Geological Survey Bulletin 403. 

BULLETIN 34. Tests of run-of-mine and briquetted coal in a locomotive boiler, by 
W. T. Ray and Henry Kreisinger. 33 pp. Reprint of United States Geological 
Survey Bulletin 412. 

Beuuietin 35. The utilization of fuel in locomotive practice, by W. F. M. Goss, 
29 pp. Reprint of United States Geological Survey Bulletin 402. 

Bu Lietin 36, Alaskan coal problems, by W. L. Fisher. 1911. 32 pp., 1 pl. 

Butietin 37. Comparative tests of run-of-mine and briquetted coal on locomotives, 
including torpedo-boat tests, and some foreign specifications for briquetted fuel, 
by W. F. M. Goss. 58 pp., 4 pls. Reprint of United States Geological Survey 
Bulletin 363. 

BuLieTIN 39. The smoke problem at boiler plants, a preliminary report, by D. T. 
Randall. 31 pp. Reprint of United States Geological Survey Bulletin 334, revised 
by 8S. B. Flagg. 

Butuetin 40. The smokeless combustion of coal in boiler furnaces, with a chapter 
on central heating plants, by D. T, Randall and H. W. Weeks. 188 pp. Reprint of 
United States Geological Survey Bulletin 373, revised by Henry Kreisinger. 
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Bu uetin 41, Government coal purchases under specifications, with analyses for 
the fiscal year 1909-10, by G. S. Pope; with a chapter on the fuel-inspection labora- 
tory of the Bureau of Mines, by J. D. Davis. 1912. 97 pp., 3 pls. 

Butvetin 43. Comparative fuel values of gasoline and denatured alcohol in internal- 
combustion engines, by R. M. Strong and Lauson Stone. 1912. 243 pp., 3 pls. 

Butvetin 49. Smoke abatement and city smoke ordinances, by 8S, B. Flagg. 1912. 
55 pp. 

Butvetin 55. The commercial trend of the producer-gas power plant in the United 
States, by R. H. Fernald. 1913. 93 pp., 1 pl. 

BuLuetin 63.. Sampling coal deliveries, and types of Government specifications for 
the purchase of coal, by G. S. Pope. 1913. 68 pp., 4 pls. 

TECHNICAL Parer 1. The sampling of coal in the mine, by J. A. Holmes. 1911. 
18 pp. ' 

TECHNICAL Parer 2. The escape of gas from coal, by H. C. Porter and F. K. Ovitz. 
1911. 14 pp. 

TrecuNicaL Parer 3. Specifications for the purchase of fuel oil for the Government, 
with directions for sampling oil and natural gas, by I. C. Allen. 1911. 13 pp. 

TecHNICAL Paver 5. The constituents of coal soluble in phenol, by J. C. W. Frazer 
and E. J. Hoffman. 1912. 20 pp., 1 pl. 

TecunicaL Paper 8. Methods of analyzing coal and coke, by F. M. Stanton and 
A.C. Fieldner. 1912. 21 pp. 

TECHNICAL PaPER 9. The status of the gas producer and of the internal-combustion 
engine in the utilization of fuels, by R. H. Fernald. 1912. 42 pp. 

TrecunicaL Paper 10. Liquefied products from natural gas; their properties and 
uses, by I. C. Allen and G. A. Burrell. 1912. 23 pp. 

TECHNICAL Paper 16. Deterioration and spontaneous combustion of coal in storage, 
a preliminary report, by H. C. Porter and F. K. Ovitz, 1912. 14 pp. 

TecHNIcAL Paper 20. The slagging type of gas producer, with a brief report of pre- 
liminary tests, by C. D. Smith. 1912. 14 pp., 1 pl. 

TrecHNicaL Paper 25. Methods for the determination of water in petroleum and 
its products, by I. C. Allen and W. A. Jacobs. 1912. 13 pp. 

TecuHNicaL Paper 26. Methods of determining the sulphur content of fuels, espe- 
cially petroleum products, by I, C. Allen and I. W. Robertson. 1912. 13 pp. 

TecHNIcaL Paper 31. Apparatus for the exact analysis of flue gas, by G. A. Burrell 
and F. M. Seibert. 1913. 12 pp. 

TecHNicAL Paper 36. The preparation of specifications for petroleum products, by 
I.C. Allen. 1913. 12 pp. 

TrEcuHNICAL Parer 37. Heavy oil as fuel for internal-combustion engines, by I. C. 
Allen. 1913. 36 pp. 

TecunicaL Paper 49. The flash point of oils; methods and apparatus for its deter- 
mination, by I. C. Allen and A. S. Crossfield. 1913. 31 pp. 
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